The influence of the discharge cone size on the characteristic parameters of a rotating gliding arc, e.g., arc length, arc rotation frequency, and regeneration frequency was investigated when the grounding electrode was equipped with an extension tube. In addition, the effect of air flow rate (100~400 standard liter per minute, SLPM) on the characteristic parameters was also studied (with an extension tube, using a No. 5 discharge cone). The results showed that the disturbance of the outlet flow was intense without an extension tube, which led to the occurrence of the short-circuit regeneration of the gliding arc when the discharge gap was small, and the short-circuit regeneration of the gliding arc could be effectively avoided by adding an extension tube at the grounding end. The existence of the extension tube could significantly increase the arc length by up to 140 mm (250 SLPM, No. 3 discharge cone). The arc lengthening was mainly caused by the unilateral extension of the high voltage side, and the arc shape changed from a "C" to an "L" shape. This also reduced the regeneration frequency to one-quarter of the arc regeneration frequency without extending the tube. Without lengthening the tube, the arc could not achieve complete circumferential rotation. The arc distribution in the annular area between the anode and the cathode was discrete, and the arc distribution was extremely uneven. The existence of the extension tube made the arc rotate uniformly, and the maximum rotation frequency was 228 Hz. The influence of the air flow rate on arc length was mainly reflected in the small flow rate range. When the air flow rate was less than 200 SLPM, the arc length increased first, and then decreased with the increase of the air flow rate, reaching the maximum arc length of 143.6 mm at 150 SLPM. The arc frequency was positively correlated with the air flow rate, but the rotation frequency increased faster than the regeneration frequency: when the flow rate was 150 SLPM, the gliding arc rotated one circle in a tensile fracture period; when the flow rate reached 400 SLPM, the gliding arc rotated two circles in a tensile fracture period.
Introduction
Rotary detonation engine (RDE) is a new type of cycle power system that has a thermal cycle efficiency about 30% higher than that of an aero-turbine engine with isobaric combustion and can work continuously after ignition and provide stable thrust. It has broad application prospects in near space high-speed vehicles and so on [1] [2] [3] . At present, the detonation of a kerosene-air mixture faces prominent problems such as the slow evaporation of kerosene atomization [4, 5] , poor mixing effect, high ignition energy [6] , and low chemical reaction rate. Auxiliary initiation methods such as hydrogen doping [7, 8] , oxygen supplementation [9, 10] , and preheating [11] are not suitable for equipping aircraft improved. For this reason, it was proposed that an extension tube be installed on the gliding arc discharge structure to expand the plasma treatment area. At present, to our knowledge, there have been no reports on this aspect in the world.
Experimental Approach
The experimental system is shown in Figure 1 . An air compressor was used as the gas source. The volume of the gas storage tank was 1 cubic meter, the power was 15 kilowatts, and the maximum realizable steady air supply flow was 2400 SLPM. The air flow rate was monitored by a hot air flowmeter with a full range of 500 SLPM and a precision of 1.0%~1.5%. In the experiment, the AC power supply (CTD-1000Z, Nanjing Corona Lab) was used to supply the discharge tube, allowing a maximum voltage of 20 kV and rated power of 2000 W. The output high voltage of the power supply was connected to the outer side of the high voltage electrode flange of the discharge tube, and the convergent nozzle was grounded to realize the arc discharge between the discharge cone and the nozzle. The discharge parameters were measured using a P6015A high voltage probe and TCP0030A current probe and the data were collected with a MDO3024 digital oscilloscope. A Phantom-v2512 high-speed camera captured the discharge details. When the maximum resolution was 1024 × 1024, the maximum shooting speed was 20,000 frames per second. When the minimum resolution was used, the maximum shooting speed was 670,000 frames per second. As shown in Figure 2 , when air was supplied to the discharge chamber, it passed through a double-loop swirler first, which made the air flow rotate clockwise, seen from back to front. The external diameter of the swirler was 50 mm, and there were two circles of 3 mm diameter holes on the circumference of 28 mm and 38 mm in diameter. The number of holes in each circle was 12. The angle between the center axis of the hole at inner ring and the axis of the discharge tube was 35.94 degrees, and the angle between the center axis of the hole at the outer ring and the axis of the discharge tube was 44.52 degrees. Therefore, the degree of air swirl in the outer oblique hole was more severe than that in the inner oblique hole. The high-voltage electrode was arranged in the downstream direction 90 mm from the axial distance of the swirler. The high-voltage electrode was similar to a flange shape. The discharge cone was fixed on the central axis of the discharge tube through four fixed ribs with a width of 3 mm on the inside of the flange. The discharge cone can be replaced by a threaded connection. A diversion cone was set on the upstream side of the high-voltage electrode to minimize the influence of the presence of the high-voltage electrode on the flow field and pressure loss. The high voltage electrode flange was connected to a flange made of Teflon (PTFE) to realize the insulation of the grounding electrode and the swirler. The grounding electrode was a convergent nozzle with a minimum inner diameter of 15 mm. The discharge structure can be assembled to satisfy that the minimum cross section of the discharge cone end and convergent nozzle is on the same plane.
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and the root of the contact between the arc and the discharge electrode was relatively fixed. The photo 153 with the extension tube shows that the arc was more uniform and the rotation trend of the arc can be 154 clearly seen from the photo taken from the front. At the same time, the side photographs show that 155 the arc extended conically when the tube was lengthened, but without the extension tube, the plasma 156 torch expanded at the exit, and the cone shape was not obvious. Six discharge cones with diameters of 5 mm to 10 mm and an interval of 1 mm were selected and numbered from small to large as No. 1 to No. 6. The discharge gap could be 5 mm, 4.5 mm, 4 mm, 3.5 mm, 3 mm, and 2.5 mm with the change of the size of the discharge cone. The total length of the extension tube used in the experiment was 100 mm (the condition of adding an extension tube is expressed in A, and the condition of not adding an extension tube is expressed in B). In the case of the 250 SLPM air flow, the arc evolution process of six kinds of discharge cones with and without extension tubes was photographed from the front and side, respectively. The influence of the extension tubes on arc length, arc rotation frequency, and regeneration frequency was studied. The effects of air flow rate (100-400 SLPM) on arc length, arc rotation frequency, and regeneration frequency were studied when the extension tube was added and the No. 5 discharge cone used. In this experiment, the parameters of the high-speed camera were: resolution of 512 × 512; shooting frequency of 30,000 fps; exposure time 15 µs, and storage time of 5 s. There were 38 experimental conditions in this paper. Each experimental condition was repeated three times, and the corresponding experimental data were averaged. Figure 3 was taken with a digital camera with an exposure time of 10 milliseconds. Arc discharge images with and without an extension tube were taken from the front and side, respectively. It can be seen directly from the figure that the filamentary arc was very obvious without the extension tube, and the root of the contact between the arc and the discharge electrode was relatively fixed. The photo with the extension tube shows that the arc was more uniform and the rotation trend of the arc can be clearly seen from the photo taken from the front. At the same time, the side photographs show that the arc extended conically when the tube was lengthened, but without the extension tube, the plasma torch expanded at the exit, and the cone shape was not obvious. Figure 4 shows the evolution of the gliding arc from the side view when the No. 5 anode cone without the extension tube was used for discharge. Two tension fracture cycles of the gliding arc are shown in Figure 4 . It can be seen from the figure that the gliding arc began to reorganize at 1 ms and 4.33 ms, at which the head of the arc broke and was reconnected upstream and then stretched forward. Due to the small gap between the electrodes, the outlet velocity of air flow was higher, which made the disturbance of air flow at the center of the axis larger, and the gliding arc fluctuated violently on both sides of the axis, as shown in Figure 5 . At the same time, the gliding arc rotated circumferentially and stretched forward under the influence of the rotating airflow. After the arc was elongated, the gap resistance of the discharge increased due to the arc path lengthening, and the required maintenance voltage increased sharply. Before the arc is stretched to the point where the loading voltage cannot maintain the arc and breaks, there is a space position in the process of arc evolution, which minimizes the normal distance on both sides of the gliding arc. At this point, the arc will break down and conduct, and then undergo a tensile fracture process. In this paper, this phenomenon is called the regeneration process of the gliding arc short circuit. This phenomenon is very common when the gap between the electrodes is small, which was the case of the No. 5 and No. 6 electrodes in this experiment.
Results and Discussion
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The regeneration of the gliding arc short circuit can be effectively avoided by installing an 181 extension tube at the grounding end. The two arc evolution situations of whether to install an 182 extension tube or not were compared when using the No. 5 anode cone, as shown in Figure 6 . In both
183
cases, a complete gliding arc growth process was demonstrated. It can be seen that the new arcs
184
developed from inside the extension tube to outside after the gliding arc prolongation and fracture
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with the addition of the extension tubes, and the probability of short-circuit regeneration was higher
186
when there were no extension tubes. In this paper, the extension tube size was 100 mm. As the arc 187 needs to break down and develop once again at the electrode gap after the gliding arc is extinguished,
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the arc undergoes a long stretch in the tube, which causes the single arc growth process to take a long 189 time. Figure 6 shows that the arc stretching time was 2.57 ms when there was an extension tube, and 
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shown in Figure 5 , the arc fluctuated sharply. However, the extension tube had a rectification effect.
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Although the tangential velocity component still exists in the flow, the farther the flow is from the 
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the arc undergoes a long stretch in the tube, which causes the single arc growth process to take a long 189 time. Figure 6 shows that the arc stretching time was 2.57 ms when there was an extension tube, and shown in Figure 5 , the arc fluctuated sharply. However, the extension tube had a rectification effect. The regeneration of the gliding arc short circuit can be effectively avoided by installing an extension tube at the grounding end. The two arc evolution situations of whether to install an extension tube or not were compared when using the No. 5 anode cone, as shown in Figure 6 . In both cases, a complete gliding arc growth process was demonstrated. It can be seen that the new arcs developed from inside the extension tube to outside after the gliding arc prolongation and fracture with the addition of the extension tubes, and the probability of short-circuit regeneration was higher when there were no extension tubes. In this paper, the extension tube size was 100 mm. As the arc needs to break down and develop once again at the electrode gap after the gliding arc is extinguished, the arc undergoes a long stretch in the tube, which causes the single arc growth process to take a long time. Figure 6 shows that the arc stretching time was 2.57 ms when there was an extension tube, and 0.93 ms when there was no extension tube. The tangential velocity component will be generated by the air after the swirler. The closer the distance to the swirler, the more intense the air swirl. The discharge without the extension tube was greatly affected by the direction of the swirl air velocity; as shown in Figure 5 , the arc fluctuated sharply. However, the extension tube had a rectification effect. Although the tangential velocity component still exists in the flow, the farther the flow is from the end of the electrode, the smaller the velocity component in the vertical axis direction, and the more stable the flow in the center of the extension tube. It can be seen from Figure 6 that the bending deformation of the central arc was larger without the extension tube, and after the installation of the elongation tube, the central arc basically presented a horizontal straight line, and did not fluctuate on both sides of the axis with the evolution of the gliding arc. 
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In this paper, the data were processed frame by frame. First, the image was transformed into a 
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The effect of the extension tube on arc length is shown in Figure 8 . On the whole, with the 219 increase in the discharge cone diameter, the discharge gap decreases, and the arc length basically 220 remains unchanged. When the discharge gap is less than the critical value, the arc length will be 221 greatly reduced. For the discharge structure in this paper, the critical value was between 2.5 mm and 222 3.0 mm. The results showed that the average arc length without the extension tube was 10 mm longer 223 than that with the extension tube. However, it should be considered that the arc length described in 224 this paper was the arc length outside the nozzle. Considering that the arc will undergo a 100 mm 225 extension tube when the nozzle is lengthened, it can be concluded that the length of the rotating 226 gliding arc in the direction of the airflow can be effectively extended by lengthening the nozzle. It
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should be noted that the arc extension is only unilateral. Generally, the arc shape is "C". The arc is 
Effect of Nozzle on Arc Characteristic Parameters
In this paper, the data were processed frame by frame. First, the image was transformed into a gray format, and 150,000 pictures of storage time (5 s) were superimposed. Then, the data collected from the three repeated experiments under each condition were averaged, and finally, the arc length images under each condition ( Figure 7 ) were obtained. It can be seen from the figure that the arc outside the nozzle exit was conical convergence and backward extension after adding the extension tube, while the plasma torch expanded first and then converged at the nozzle exit without the extension tube. This phenomenon was caused by the annular convergence channel that formed between the discharge cone at the nozzle exit and the grounding nozzle (in the case without the extension tube), and the air flow at different angular positions impacted on the central axis and collided with each other. The turbulence of flow at the nozzle outlet was severe, resulting in a pressure drop gradient along the radial direction from the center, resulting in a larger radial velocity of air flow, which made the arc bend outward. Finally, the plasma torch appeared to expand after leaving the nozzle outlet. 
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The effect of the extension tube on arc length is shown in Figure 8 . On the whole, with the 219 increase in the discharge cone diameter, the discharge gap decreases, and the arc length basically 220 remains unchanged. When the discharge gap is less than the critical value, the arc length will be greatly reduced. For the discharge structure in this paper, the critical value was between 2.5 mm and The effect of the extension tube on arc length is shown in Figure 8 . On the whole, with the increase in the discharge cone diameter, the discharge gap decreases, and the arc length basically remains unchanged. When the discharge gap is less than the critical value, the arc length will be greatly reduced. For the discharge structure in this paper, the critical value was between 2.5 mm and 3.0 mm. The results showed that the average arc length without the extension tube was 10 mm longer than that with the extension tube. However, it should be considered that the arc length described in this paper was the arc length outside the nozzle. Considering that the arc will undergo a 100 mm extension tube when the nozzle is lengthened, it can be concluded that the length of the rotating gliding arc in the direction of the airflow can be effectively extended by lengthening the nozzle. It should be noted that the arc extension is only unilateral. Generally, the arc shape is "C". The arc is divided by the farthest point to which the arc extends. The side connected with the high voltage electrode is called the high voltage side, and the side connected to the ground terminal is called the low voltage side. For the discharge with the extended tube in this paper, the arc extension was mainly attributed to the extension of the high voltage side. As the nozzle was a metal conductor, the extension tube acted as the grounding electrode, and the arc root of the low voltage side was directly connected with the end of the extension tube. From Figure 6 , it can be seen that the brightness at the root of the low voltage side was enhanced and recorded as the cathode discharge point. At this time, the arc shape was similar to the slender "L" shape. When the discharge gap is less than the critical value, the breakdown voltage will decrease dramatically. After the air gap breakdown at the smallest gap between the discharge cone and grounding nozzle, under the action of the axial flow, the high voltage side extends backward, and the cathode discharge point moves downstream along the inner wall of the extension tube. When the arc is extended to the point where the required voltage to maintain the arc exceeds the breakdown voltage, the gliding arc will be extinguished and re-breakdown will occur at the minimum gap. In this case, the cathode discharge point has not yet moved to the end of the extension tube, and the high voltage side of the gliding arc has not been fully extended, which ultimately leads to a sharp reduction in the length of the plasma torch outside the nozzle. 
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The air gap breakdown-arc stretching-arc extinction is defined as a period, and the 248 corresponding frequency is recorded as the frequency of the arc regeneration. The variation trend is 249 similar to that of arc length. When the size of discharge cone is larger than a certain value, the 250 frequency begins to decrease sharply. This can be seen from Figure 9 where the frequency of the arc 251 regeneration without the extension tube was nearly four times as high as that with the extension tube.
252
When the No. 6 discharge cone was used in assembling the extension tube, the regeneration The air gap breakdown-arc stretching-arc extinction is defined as a period, and the corresponding frequency is recorded as the frequency of the arc regeneration. The variation trend is similar to that of arc length. When the size of discharge cone is larger than a certain value, the frequency begins to decrease sharply. This can be seen from Figure 9 where the frequency of the arc regeneration without the extension tube was nearly four times as high as that with the extension tube. When the No. 6 discharge cone was used in assembling the extension tube, the regeneration frequency of the extension tube was recorded as 0 because the arc could not extend beyond the extended tube. Combined with Figure 8 , it can be seen that the arc length of the No. 4 discharge cone and No. 5 discharge cone was the same, but the regeneration frequency was different. The regeneration frequency was more sensitive to the discharge spacing when the discharge cone became thicker and the gap spacing decreased, and the change trend obviously changed in advance. The possible reason is that as the gap becomes smaller, the equivalent resistance of the gap becomes smaller, and the breakdown of the gap becomes easier. In addition, once the air gap breaks down, the discharge current is much larger than that of the small discharge cone, which leads to a larger arc stiffness and a longer time-consuming process of arc stretching and deformation. Finally, although the arc length remains unchanged, the arc stretching period prolongs, that is, the regeneration frequency decreases.
For the circumferential rotation of the arc taken from the front, the case of the No. 5 discharge cone was used as an example. As shown in Figure 10 , the arc rotated uniformly along the circumference when the extension tube was installed. From the perspective of the orthographic projection plane, the arc shape was basically along the radial direction, and the bending direction in the middle of the arc was the tangential direction of the air swirl. As the arc extended out of the extension tube, its cathode discharge point was located at the end of the extension tube. Therefore, in Figure 11 , thick and bright spots appeared at the cathode discharge points. In the case of no extension tube, the position of the cathode discharge point was basically unchanged in a rotating period, and the arc bent sharply under the action of the rotating airflow. Combined with the analysis of the arc axial tension in Figure 4 above, it can also be seen that the arc was prone to short circuit regeneration, corresponding to 1.07 ms, 2.13 ms, and 3.2 ms in Figure 10 , respectively. When the rotating gliding arc was applied to fuel pyrolysis, the discharge advantage with the extended tube was more obvious. On the one hand, due to the long arc stretching, the area of fuel treated by plasma will be greatly increased; on the other hand, because of the stable circumferential rotation of the arc, the pyrolysis fuel will be more uniform and stable.
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The arc rotation frequencies are compared in Figure 12 . As the arc could not complete a full cycle 309 rotation without the extension tube, only the rotation frequencies of the discharge with the extension 310 tube were recorded. The results showed that the effect of the electrode gap on rotation frequency was Figure 11 . Distribution uniformity of the rotating gliding arc under different experimental conditions. Figure 11 visualizes the distribution of the rotating gliding arcs. Short-time Fourier transform was performed on the same pixel in all photos in each experimental condition to obtain the corresponding intensity value of the rotating principal frequency of each pixel, and finally the rotating gliding arc distribution cloud map was produced. The legend on the right side of Figure 11 shows the gray value, which represents the strength of the gliding arc. It can be seen from the figure that the distribution of the cathode discharge points was extremely non-uniform in the circumferential direction without the extension tube. When the No. 1 discharge cone was used, the breakdown position of the air gap was basically unchanged, and the cathode discharge point always stayed at P during shooting, which limited the area covered by the arc bending deformation. When using the No. 2, No. 5, and No. 6 discharge cones, although the arc coverage area was improved, the cathode discharge point had not been closed into a circle. The closure of the cathode discharge points of the No. 3 and No. 4 discharge cones was better, but it can be seen from Figure 11 that the arc distribution in the annular area between the anode and the cathode was discrete and not uniformly dispersed, which indicates that the arc distribution in the swept area was very uneven. In addition, the arc deformation was very severe due to the lack of the extension tube and rectification effect. The arc bending deformation developed to the outer side of the cathode ring, and the deformation was most obvious when the No. 3 discharge cone was used. In contrast, the uniformity of the arc distribution could be significantly improved by adding the extension tube. On the one hand, the circumferential distribution of the cathode discharge points was closed, on the other hand, the arc distribution between the electrodes was more uniform. Among them, the No. 5 discharge cone was the most prominent. Although some areas of the arc diffused beyond the boundary of the cathode circle, the overall arc brightness was higher, which further shows that the discharge current increased with the reduction of the electrode gap.
The arc rotation frequencies are compared in Figure 12 . As the arc could not complete a full cycle rotation without the extension tube, only the rotation frequencies of the discharge with the extension tube were recorded. The results showed that the effect of the electrode gap on rotation frequency was very weak, but there was an optimal electrode. The rotational frequency of the No. 5 discharge cone was the highest, reaching 228 Hz/s. Combined with the analysis of arc length and regeneration frequency, the angle of the arc rotation was larger in a breakdown-stretching-quenching cycle when the No. 5 discharge cone was used. Therefore, the rotation frequency could be increased by sacrificing part of the regeneration frequency on the basis of ensuring a sufficient arc length.
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Effect of Air Flow on Arc Evolution
In this section, the effect of air velocity on the rotating gliding arc was analyzed. The discharge cones used in this section were all No. 5 discharge cones. In order to avoid the effect of accidental arc stretching on the arc length, the threshold value of gray value was set at 20 in the calculation program of the arc length. Pixels with a gray value less than 20 were not included in the calculation of the arc length. In order to visualize the difference in the arc lengths, two light blue dotted lines were drawn at the same position in the image, as shown in Figure 13 . Obviously, the arc length increased significantly from 100 SLPM to 150 SLPM and decreased significantly from 150 to 200 SLPM. Then, with the increase of air flow rate, the arc length basically remained unchanged, as shown in Figure 14 . When the air flow rate was greater than 200 SLPM, the arc length was between 30 mm and 35 mm, and the arc length did not change significantly with the change of air flow rate. The influence of the air flow rate on arc length was mainly reflected in the small flow range (100-200 SLPM).
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Although only a small range of air flow had an effect on the arc length, the air flow had a 335 significant effect on the rotation frequency and regeneration frequency of the rotating gliding arc in 336 all experimental conditions. Figure 15 shows the effect of air flow on the two characteristic 337 frequencies in one chart where it was obvious that the higher the velocity, the higher the frequency,
338
but the change trend of the two characteristic frequencies was different. The rotating frequency was 339 more sensitive to the increase of air flow, and its growth rate was much faster. From 150 SLPM, the 340 ratios of rotation frequency to regeneration frequency were 1.07, 1.09, 1.63, 1.80, 1.75, and 2.0, 341 respectively. Basically, when the flow rate was low (150~200 SLPM), the gliding arc rotated exactly 342 one cycle during a tensile fracture period. With the increase of air velocity, the effect of air swirl was 343 strengthened, and the number of gliding arc rotating circles increased gradually in a tensile fracture In this section, the effect of air velocity on the rotating gliding arc was analyzed. The discharge 320 cones used in this section were all No. 5 discharge cones. In order to avoid the effect of accidental arc 321 stretching on the arc length, the threshold value of gray value was set at 20 in the calculation program 322 of the arc length. Pixels with a gray value less than 20 were not included in the calculation of the arc 323 length. In order to visualize the difference in the arc lengths, two light blue dotted lines were drawn 324 at the same position in the image, as shown in Figure 13 . Obviously, the arc length increased 
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but the change trend of the two characteristic frequencies was different. The rotating frequency was 339 more sensitive to the increase of air flow, and its growth rate was much faster. From 150 SLPM, the 340 ratios of rotation frequency to regeneration frequency were 1.07, 1.09, 1.63, 1.80, 1.75, and 2.0, 341 respectively. Basically, when the flow rate was low (150~200 SLPM), the gliding arc rotated exactly 342 one cycle during a tensile fracture period. With the increase of air velocity, the effect of air swirl was 343 strengthened, and the number of gliding arc rotating circles increased gradually in a tensile fracture 344 period. When 400 SLPM was reached, the gliding arc rotated two circles in a tensile fracture period. Although only a small range of air flow had an effect on the arc length, the air flow had a significant effect on the rotation frequency and regeneration frequency of the rotating gliding arc in all experimental conditions. Figure 15 shows the effect of air flow on the two characteristic frequencies in one chart where it was obvious that the higher the velocity, the higher the frequency, but the change trend of the two characteristic frequencies was different. The rotating frequency was more sensitive to the increase of air flow, and its growth rate was much faster. From 150 SLPM, the ratios of rotation frequency to regeneration frequency were 1.07, 1.09, 1.63, 1.80, 1.75, and 2.0, respectively. Basically, when the flow rate was low (150~200 SLPM), the gliding arc rotated exactly one cycle during a tensile fracture period. With the increase of air velocity, the effect of air swirl was strengthened, and the number of gliding arc rotating circles increased gradually in a tensile fracture period. When 400 SLPM was reached, the gliding arc rotated two circles in a tensile fracture period. 
Conclusions
The influence of the extension tube on the evolution of gliding arc was studied. The results showed that the rectifying action of the extension tube reduced the fluctuation of the gliding arc in the axial direction, reducing the wrinkle distortion of the gliding arc, thereby effectively reducing the short-circuit regeneration of the gliding arc. At the same time, the plasma torch was more concentrated and converged with the extension tube than when there was no extension tube. Since the extension tube was extended as the ground, the gliding arc length was greatly lengthened. This also resulted in a longer period of gliding arc tensile fracture, resulting in a reduction in the regeneration frequency of the gliding arc, which was about a quarter of that without the extension tube. Moreover, from the radial direction of the front view, the deformation of the gliding arc with the extension tube was smaller, and the circumferential distribution was more uniform than that without the extension tube. Our study changed the discharge gap by changing the discharge cone where it was found that the change in the gap had almost no effect on the gliding arc length under the same airflow. When the discharge gap was larger than a certain value, the length of the gliding arc was significantly reduced. Additionally, the influence of the discharge cone on regeneration frequency also had the same rule. At the same time, the discharge gap had a weak influence on the rotation frequency of the gliding arc, but an optimal gap existed. Air flow had a significant effect on the length of the gliding arc in the range of 100-200 SLPM. When the flow rate was greater than 200 SLPM, the effect was sharply reduced. At the same time, it was found that the rotation frequency and the regeneration frequency were more sensitive to air flow than the length of the gliding arc. Interestingly, the rotation frequency was about twice the regeneration frequency at 400 SLPM. In other words, the gliding arc can be rotated twice during a tensile fracture period.
